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EFFECT  OF  THE  HARDENING  TREATMENT 
ON  THE  DAMPING  PROPERTIES  OF  THE 
TITANIUM  ALLOYS 

L.A.  BOCHAROVA,  V.V  MATVEYEV,  O.A. 

NIKISHOV,  Ye. Ye.  SAVARI,  O.P.  SOLONINA, 
and  B.S.  CHAYKOVSKIY 

The  ability  of  titanium  alloys  to  combine  considerable  strength 

« 

with  a low  specific  weight  and  high  corrosive  stability  is  the 
reason  for  their  wide  use  in  industry.  Thus,  it  is  of  considerable 
interest  to  improve  their  mechanical  properties  by  means  of  harden- 
ing heat  treatment  without  additional  alloying. 

We  are  presenting  the  results  of  a study  carried  out  on  the 
effect  of  the  various  forms  of  hardening  on  the  damping  proper- 
ties of  three  titanium  alloys  which  are  used  extensively  for  manu- 
facturing compressor  blades. 

The  effect  of  the  hardening  heat  treatment  (quenching  in  water 
+ aging)  on  the  energy  dissipation  characteristics  with  transverse 
oscillations  was  tested  on  two  heat  hardened,  two-phase  alloys, 

VTZ-1  and  VT-9.  For  this  purpose  the  billets  for  the  samples  were 
processed  as  follows: 

1)  VTZ-1  alloy  (hardened  at  870°C  for  1 h - cooled  in  water  + 
aged  at  550°C  for  5 h - cooled  in  the  air); 

2)  VT-9  alloy  (hardened  at  950°C  for  1 h - cooled  in  water  + • 

aged  at  560°C  for  5 h - cooled  in  the  air). 

The  effect  of  surface  hardehing  was  studied  on  a two-phase 
alloy,  VTZ-1,  and  on  theyT-18  alloy  based  on  o-Ti. 
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The  billets  for  the  samples  were  processed  using  the  establish- 
ed procedures  of  annealing  (VTZ-1  alloy  - 870°C  - 1 h - furnace 
codling  down  to  650°C  - holding  2 h - air  cooling;  VT-18  alloyv- 
900°C  - 1 h - air  cooling)  and  had  the  structure  of  the  equiaxial 
type.  Subsequently,  flat  samples  were  prepared  from  the  billets 
which,  for  the  VTZ-1  alloy,  were  subjected  to  three  types  of  sur- 
face hardening:  oxidation,  oxidation  with  subsequent  light  polish- 
ing, and  vibrational  tumbling.  The  samples  prepared  from  the  VT-18 
alloy  were  hardened  by  oxidation  and  oxidation  with  subsequent  light 
polishing.  All  samples  were  oxidized  under  the  following  conditions: 
heating  to  530°C  for  two  hours  with  subsequent  air  cooling. 

The  vibrational  tumbling  of  the  samples  prepared  from  the  VTZ-1 
alloy  was  done  according  to  the  tumbling  process  used  for  blades. 

The  working  section  of  all  the  samples  was  prepared  in  accordance 
with  the  procedure  used  for  the  foil  of  a compressor  blade. 

The  samples  were  studied  on  the  D-7  installation  which  enabled 
us  to  obtain  the  initial  dependences  of  the  logarithmic  decrement 
in  the  stress  amplitude  function  during  lateral  vibrations  of  the 
samples  under  the  conditions  of  pure  bending.  Fig.  1 shows  an  exam- 
ple of  such  a dependence  for  a heat  hardened  VT-9  alloy  ovet*  the 
entire  temperature  range.  Similar  dependences  were  obtained  for 
all  the  samples  that  were  studied.  In  the  figures  given  in  this 
article,  the  indicators  designating  the  alloys  are  assigned  in  ac- 
cordance with  the  marking  of  the  samples:  the  numerals  3,  9,  and 
8 designate  the  VTZ-1,  VT-9,  and  VT-18  alloys,  respectively;  P - 
characterizes  the  equiaxial  structure  of  the  material  in  the  an- 
nealed state;  Y - hardening  heat  treatment;  OK,-OA,  and  OB  - cor- 
responding surface  hardening  (oxidation,  oxidation  with  polishing, 
and  vibrational  tumbling). 

The  graphs  shown  in  Fig.  1 indicate'  that  the  logarithmic  dec- 
rement of  vibrations  somewhat  increases  with  an  increase  in  stress, 
which  occurs  for  all  the  samples  that  were  studied.  With  regard  to 

the  temperature  dependences  shown  in  Figures  2—k  and  which  were 
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constructed  under  a constant  stress  of  bending  6=20  kg/mm  , a 
noticeable  increase  in  the  damping  properties  was  observed  ih  the 
samples  during  the  surface  hardening  for  the  alloys  VTZ-1,  VT-9, 
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and  VT-18  beginning  at  300— 350°C. 

A graph  shown  in  Pig.  5 was  constructed  for  a clearer  represen- 
tation of  the  effect  of  thermal  hardening  on  the  damping  properties 
of  the  VTZ-1  and  VT-9  alloys,  from  which  it  is  evident  that  the 
hardening  heat  treatment  leads  to  a certain  decrease  in  the  logarith- 
mic decrement  in  both  alloys  .,  a more  significant  decrease  is  obser- 
ved at  the  maximum  working  temperatures.  Thus,  for  example,  in  the 
VTZ-1  alloy  the  logarithmic  decrement  at  450°C  drops  from  0.136/6  to 
0.126$;  in  the  VT-9  alloy  this  change  is  less  significant. 


Fig.  1.  Dependence  6=f(6)  for  the  heat-hardened  titanium 
alloy  VT-9  at  various  test  temperatures. 
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Pig.  2.  Dependence  6«f(T)  for  the 

Ti  alloy  VTZ-1  with  the  various 
forms  of  surface  and  heat  harden- 
ing: 

0 - 3P;  X - 30K;  W30D;  k - 
30B;  A - 3Y. 


Fig.  3.  Dependence  6*f(T)  for 
Ti  alloy  VT-18  with  the  various 
forms  of  surface  hardening: 

0 - 8P;  X - OK;  M - 80D. 
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The  decrease  in  the  decrement  can  be  connected  with  the  fact 
that  the  heat  treatment  used  (quenching  from  the  a + g = region  and 
subsequent  aging)  leads  to  hardening  due  to  the  decomposition  of  the 
metastable  phases  [2]. 

The  effect  of  surface  hardening  was  estimated  on  the  samples 
prepared  from  the  VTZ-1  and  VT-18  alloys.  It  follows  from  the 
curves  on  Fig.  6 that,  of  all  the  forms  of  surface  hardening,  oxida- 
tion with  subsequent  light  polishing  has  the  greatest  effect  on  the 
damping  properties  of  the  VT-18  alloy,  while  for  the  samples  pre- 
pared from  the  VTZ-1  it  is  vibrational  tumbling.  In  the  case  of 
the  VTZ-1  alloy,  the  intensive  increase  in  the  logarithmic  decre- 
ment for  the  samples  subjected  to  oxidation  with  subsequent  polish- 
ing, as  compared  to  the  samples  that  were  simply  oxidized,  is  the 
same  as  in  the  samples  hardened  by  vibrational  tumbling  as  compared 
with  the  samples  that  were  hardened  and  then  polished.  For  the 
VTZ-1  alloy  this  is  valid  also  at  20°C  and  at  the  maximum  working 
temperature  of  450°C. 


Fig.  4.  Dependence  6«f(T)  for 
the  heat-hardened  alloy  VT-9: 
0 - 9P;  V - 9Y. 
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Fig.  5.  Change  in  the  damping 
properties  of  the  Ti  alloys  VTZ-1 
and  VT-9  for  the  various  struc- 
tures at  normal  and  working  tem- 
peratures : 

P - equilibrium;  P - equiaxial 
with  heat  hardening. 


Consequently,  of  all  the  forms  of  surface  hardening,  the  most 
significant  is  the  vibrational  tumbling  of  the  VTZ-1  alloy,  which 
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leads  to  an  Increase  in  the  logarithmic  decrement  from  0.135  to 
0.l6£,  i.  e.,  by  more  than  15$,  and  the  oxidation  with  subsequent 
polishing  for  the  VT-18  alloy,  in  which  the  logarithmic  decrement 
of  vibrations  increases  by  about  20%  as  compared  with  the  samples 
that  were  not  hardened. 
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Fig.  6.  Dependence  of  the  damping  properties  of  the  Ti  al- 
loys VTZ-1  and  VT-18  on  the  various  forms  of  surface  hard- 
ening: 

P - equiaxial;  0 - oxidation;  0 + n - oxidation  plus 
polishing;  and  B - vibrational  tumbling. 
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